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ABSTRACT : Nowadays, most countries are looking forwards in reducing POLLUTION; 
one of the best solutions is utilizing waste product into recycle materials. This not only can 
develop sustainable environment management but also introducing new materials for public 
usage. As Malaysia currently heading to biotechnology hub in the region, it is expected that 
billions tones of palm oil by-products will be produced annually and normally been treated 
as waste disposal. This paper discussed the usage of palm oil fiber can be used as discrete 
reinforcing fiber that can restrain minor cracks that developed in the concrete from 
spreading. Fiber reinforced concrete is able to increase its performance against tensile 
strength and toughness due to ability to adsorb energy by reinforcing fibers.  Palm oil fiber 
concrete was investigated for its workability, compressive strength and tensile splitting 
strength where trial mixture based on Department of Environmental (DOE) was conducted. 
mix designs according to fibres added and PFA replacement level were identified and tested 
for slump, compression and tensile spliiting tests. Study shows that the mix design of Palm 
oil Fiber concrete added with and 0.50 and 10% PFA replacement gave the best compresive 
strength. It is shows that series with using palm oil fibres reduces workability and 
compressive strength but increse the tensile splitting strength. 
Keyword: Pozzolans, fibre reinforcement, compressive strength, workability, concrete 
1. INTRODUCTION 
Fiber reinforced concrete has become the subject of many investigations since 1980’s. A large number of 
studies and been implemented on the various types of loading as well as various sizes and shapes in fiber 
reinforced concrete with steel, plastic and glass fibers used as reinforcement. However, this reinforcement 
is specially manufactured and costs unfavorable. There are other types of potential fibers other than 
mentioned above have been carried out under study including organic fibers. Palm oil fibers are potential 
to be developed as alternative fibers in fiber reinforcing concrete. Besides the compressive strength, in 
engineering structures, the strength should be combined with toughness which is provided by fiber added 
into the concrete matrix which indirectly improves tension behavior compared to conventional concrete.  
Many efforts has been devoted to the research of concrete mix designs aiming to produce concrete with 
better workability and flowability at its fresh stage and produces a stronger and durable at hardened stage. 
In the case of fiber reinforced concrete, mix design and procedure of mixing is varying with type of fiber 
and to some extent with type of matrix. In order to get good collaboration between fiber and matrix and 
because of the brittleness of the matrix and the low fiber volume fraction, total fiber dispersion and full 
bond to all fiber surfaces is essential which is carried out during mixing and casting process. Addition of 
fine-particle pozzolans like pulverized fly ash (PFA) may improve the bond, provided that the fine 
particles are fully dispersed in the cement paste. Normally fiber was added in the range of 1-3% from the 
total concrete volume. Use of superplasticizer can reduce the required water addition and so improve 
further the bond between matrix and fiber surface. 
 
Palm oil fibers are natural fibers taken from palm oil industry. It is mostly grown in the South-east Asia 
countries such as Malaysia and Indonesia and some parts of Europe continent. Palm oil fibers are 
produced from crushed palm oil husks and fruits after the oil extraction are completed. Normally, palm oil 
fibers are used for fuel combustion for generation of steam boiler for oil production process. However, 
due to abundant amounts of palm oil fiber produced, some of the amounts will be discarded and thrown 
away. It is about 3 cm in length after crushed and dark brown in color. The diameter of the fiber is around 
0.01 mm. However, this by-product has potential to be developed as additive in concrete mixture to 
produce palm oil fiber reinforced concrete. The large replacement of fly ash in concrete mixture will 
affect the concrete strength performance adversely. Fibers can offset the strength loss from cement 
replacement. This paper will study the effects of palm oil fibers on the fresh and mechanical properties of 
conventional concrete and concrete incorporating with fly ash. 
2. RESEARCH SIGNIFICANCE 
Ninth Malaysian Plan (RMK-9) has been launched in 2007 and one the main focus is to develop the bio-
technology industry in the country. Under this plan, one of the main Government’s agenda is focusing 
into generating huge amounts of agriculture product to be exported overseas. One the main commodities 
been listed is palm oil industry. It is expected that the growth of palm oil productions will be increased 
tremendously. As the production of palm oil increased, by-product from this industry which normally be 
treated as disposal waste will be increased as well. Palm oil fiber is the by-product from crushing of fibers 
and husks. 
Most pozzolanic materials, however, especially natural pozzolans like fly ash, tend to increase the mixing 
water requirements for concrete and lower the rate of strength development. Therefore, for structural 
applications, their proportion in blended Portland cement is generally limited to 30% or less. According to 
Neville, the optimum strength that can be achieved by replacing ordinary Portland cement content is 10%.  
A comprehensive review of the studies on the use of pozzolan as partial replacement for cement in mortar 
and concrete has recently been presented by several studies [3-5]. It is estimated that the world production 
of fly ash was about 600 million tones but only 9% got to be utilized. The use of high volume fly ash as a 
supplementary cementitious material in concrete production is much preferred however; in this case we 
replace a portion of OPC concrete with fly ash. There may be some essential amounts of chemical 
composition which is reduced, but Malhotra reported that only 10% replacement of fly ash will gave the 
optimum results in term of strength and durability. 
By using recycle materials as fibers reinforced materials and fly ash as pozzolans, the most beneficial 
potential for the use of industrial by-product is the environmental values. This efforts will not only 
benefits to the government in reduction of providing land for disposal, but also increase the economy 
growth in various sectors especially amongst construction industry. By replacing certain amounts of OPC 
will significantly reducing the dependent on its large amounts; thus emission of CO2 or green house gases 
will be reduced as well.  
Fibers enhanced the mechanical properties especially fatigue and tensile stresses as well as cracking 
properties, ductility and impact resistance. The strengthening mechanism of fibers involves transfer of 
stress from the matrix to the fiber by interfacial shear or by interlock between the fiber and the matrix. As 
reported by Singh [1], the addition of fibers into concrete improves the engineering properties of the 
concrete such as static flexural strength, impact strength, tensile strength, durability and flexural 
toughness. Palm oil fibres will increase the load capacity against flexural and tensile splitting stress; 
however it may or may not be improvement in compressive strength. The most particular property is the 
toughness. In load-deflection curve, the area under this curve is termed as toughness. Fiber in the concrete 
matrix will restrain from the crack to disperse continuously. 
 
 
3. SPECIMEN PREPARATION AND TESTING 
3.1 Palm oil fibers as concrete reinforcement 
The Palm Oil Fiber (POF) was taken from the palm oil mill factory from Dengkil. The factory is Sri Ulu 
Langat Palm Oil Mill. Palm oil fiber obtained from crushing fruit brunches and palm oil shells and husks. 
The palm oil fibers obtained is around 4 cm lengths and is brown in color as shown in Figure 1. The 
fibers obtained from the mill were in bulk and mixed with palm oil shells and other impurities. It then 
been sieved to make sure it is free from any impurities and the fibers are assured to be loosen and 
prepared to be cut into required length for consistence in this study. The measured diameter of palm oil 
fiber used is between 0.02-0.07, water adsorption of 60% and density of 1035 N/mm2. 
 
 
Figure 1: Palm oil Fibers used 
3.2 Other concrete mix components 
Crushed gravel was used as coarse aggregates and river sand was used as fine aggregate which has a 
fineness modulus of 2.56. Fly ash and Malaysian Ordinary Portland Cement with specific gravity of 2.66 
and 3.15 respectively was used as binders. Fly ash was taken from TNB Kapar in Selangor. 
Superplasticizers also been used as an admixtures for water-reducing agent. The physical properties such 
as water adsorption, moisture content and bulk density are shown in Table 1.  
 
Table 1: hysical properties of coarse and fine aggregates used 
Physical properties River Sand Crushed stone 
Specific gravity (SSD condition) 2.65 2.60 
Moisture content (%) 0.02 0.01 
Water adsorption (%) 1.65 0.79 
Bulk density (kg/m3) 1663.65 1585.23 
Fineness Modulus 2.84 - 
3.3 Test samples 
Basically, the test can be divided into 2 major series; first series by adding 1% of palm oil fiber with 
Ordinary Portland cement mixture and second series will consists of same amount of fibres addition but 
with different replacement level of OPC with PFA; namely; 0%, 5%, 10%, and 15% as pozzolan. Both 
series was designed to have the same mix proportion to compare the best mix proportion for each series. 
10% of cement replacement was chosen because this amount of cement replacement will produced 
optimum strength in conventional concrete as reported by Neville [1].  Series of conventional concrete 
without addition of palm oil fibers used as reference (control) mixture. There are five concrete mixtures 
were conducted for each series and framework were carried out as shown in Table 2. 
 
 
 
Table 2: Series of palm oil fiber concrete mix 
Series Mix Design 
proportions 
(OPC:PFA:FA:CA) 
Percentage of Fibres 
added by volumes 
Amount of PFA 
replacement level 
(%) 
Designations 
1:0:1.75:2.85 0.25 0 S1A1 
1:0.05:1.84:3.00 0.25 5 S1A2 
1:1.11:1.94:3.17 0.25 10 S1A3 
Series of using 
0.25% fiber 
content (S1) 
1:1.17:2.06:3.36 0.25 15 S1A4 
1:0:1.75:2.85 0.50 0 S2A1 
1:0.05:1.84:3.00 0.50 5 S2A2 
1:1.11:1.94:3.17 0.50 10 S2A3 
Series of using 
0.25% fiber 
content (S2) 
1:1.17:2.06:3.36 0.50 15 S2A4 
1:0:1.75:2.85 0.75 0 S3A1 
1:0.05:1.84:3.00 0.75 5 S3A2 
1:1.11:1.94:3.17 0.75 10 S3A3 
Series of using 
0.25% fiber 
content (S3) 
1:1.17:2.06:3.36 0.75 15 S3A4 
The mix design was carried out based on Department of Environmental (DOE Method) with targeted 
design strength of 40 N/mm2.  As the natural fires adsorbs much water, the percentage of water adsorption 
by palm oil fibers should be determined first and included in the mixing water content.  
Higher water cement ratio will produce lower strength of concrete. However, low w/c ratio will reduce 
workability of the concrete and in worst case, hard in compaction and honeycombing will occur. Hence, 
we must introduce water-reducing admixture called superplasticizers (sulfonated, naphthalene-
formaldehyde condensate type) in the mixture so that it can compensate the water requirement to produce 
stronger and durable concrete. Its usage depends on water content in the mix design. For this samples, 
superplasticizers mix proportions was fixed at 1.60/100 kg of cement. As reported by Chen, the 
superplasticizer dosage went up to 1.75 litre per 100 kg binders, the one day strength of concrete decrease 
to a certain extent. 
All the mixes are done after series of trial mixes is conducted to establish the mix with optimum strength. 
For compressive test sample, it was cast into a 100mm x 100mm x 100mm cube. Meanwhile, for tensile 
splitting test were cast into a 150mm diameter x 300mm length cylinder.  
3.4 Description of mixing procedures 
Initially, cement and fly ash (if applicable) were dry mixed properly. After all the constituent materials 
were mixed, about 1/5 of the required water was added to the mixture. Small quantities of loose fibers 
were fed in the mixer manually and gradually taking care that the fibers were not mixed in bundles. After 
adding about 1/3 of the quantity of fibers, about 1/3 of the remaining quantity of water was added to the 
mixer and the remaining quantity of fibers was added again slowly and in small quantities. Finally, the 
remaining water was added and the mixing was done until good homogeneous mixture, as visually 
observed, was obtained. If any lumping or balling was found at any stage, it was taken out, loosened and 
again added manually.  
Immediately after mixing, slump and V-B tests were performed for all the concrete series mixture. 
Standard 100-mm cube specimens for compressive strength, and 150mm diameter and 300mm height for 
tensile splitting test were cast accordance with the provisions of British code of practice. The specimens 
were covered with gunny immediately after placing in mould for complete moisture retention. The 
samples then stripped after 24 hours of casting and were then placed in a water curing tank. The 
specimens were tested at 3rd, 7th and 28th days of curing and each day three samples were tested.  
 
 
3.5 Testing 
The physical properties of palm oil clinker, river sand, gravel, cement and fly ash were conducted for mix 
design data purposes. All the mechanical properties; compressive strength and tensile splitting were 
performed by using Universal Testing Machine located in Material Lab, Universiti Tun Hussein Onn 
Malaysia. All the samples were cured in water curing upon 24 hours casting. 
 
Table 3 : Code of Practice for concrete testing 
No Properties of Concrete Type of testing Code of Practice Used 
1 Fresh Concrete Slump Test BS 1881: Part 102: 1983, Method for 
Determination of Slump. 
2 Compressive strength BS 1881: Part 115: 1986. Specification for 
Compression Testing Machines for Concrete 
3 
Hardened Concrete 
Tensile Splitting Test BS 1881: Part 117: 1983. Method for 
Determination of Tensile Splitting Strength. 
Basically, there are 2 types of strength been conducted; first is strength due to compression load which is 
performed in compression concrete test and the latter case is tension test; which is performed by tensile 
splitting test (indirect tensile stress). All the test procedures follow the code of practice as mentioned in 
Table 3. Slump test is taken immediately after mixing to determine the workability of fresh concrete. 
Compressive test, flexural test and tensile Splitting Test are carried out on the 28th day upon casting.  
4. RESULTS AND DISCUSSIONS 
4.1 Workability 
The workability of palm oil fiber concrete was carried out throughout all the concrete series mixes and 
measured by Slump test.  The fresh concrete properties are shown in Figure 2. The value of slump 
depends on the amount of PFA replacement and the palm oil fiber incorporated in the concrete matrix. 
From Figure 2, the results show that the higher of OPC replacement with PFA up to 15% will increase the 
workability of palm oil fiber concrete. The increase is due to the “ball bearing” effects of fly ash as the fly 
ash has spherical shape particles. It is shows the increase in 17% of workability for 15% PFA compared 
to mix design without PFA content On the other hand, the effect of POF content shows an adverse effect. 
The more POF will shows less workability through all PFA replacement levels. For 5% PFA replacement, 
the slump lost 18 mm was observed with the amount of 0.25% POF, and there was slump gain of 6 mm 
and 13 mm with 10% and 15% of PFA replacement on POF concrete resectively. 
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Figure 2: Fresh concrete properties of POF series mix design  
4.2 Compressive Strength Test 
Figure 3 shows the effect of POF content in concrete volume and PFA replacement level on the 
compressive strength of concrete. On the PFA replacement level point of view, all series shows that only 
10% of PFA replacement shows highest compressive strength at 28-days compared to 0%, 5% and 15% 
PFA replacement level. This phenomena also observed in conventional concrete incorporating with fly 
ash as obtained by Neville which optimum compressive strength is given by PFA replacement level. This 
might due to the essential chemical composition in the OPC that promotes full hydrations and pozzolanic 
reactions that gave extra C-S-H compounds that contributes to denser and stronger concrete. From Figure 
3, it is obvious that by comparing 10% of PFA replacement with 0.25% fiber, the compressive strength of 
concrete at 28 days is reduced by 8%, 11% and 5% for 0%, 5% and 10% PFA replacement level 
respectively.  
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Figure 3: Compressive strength of POF series mix design  
 
 
From Figure 3, like workability test for a particular percentage of fly ash, there was a decrease in the 
compressive strength as the percentage of fibers increased from 0.25% to 0.75%. Most natural fibers like 
POF induces porosity and this will reduce the compressive strength.  Additions of fibers reduced the 
compressive strength from 3% to 14% depending on the fly ash content and Series 3 shows the least 
compressive strength obtained compared to Series 1 and Series 2. However, the effect of POF is not 
significance if compared to tensile splitting test which is discussed below. Mix design of 0.25% of POF 
content and 10% PFA replacement level gave the best in terms of compressive strength. 
4.3 Tensile Splitting Test 
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 Figure 4: Tensile splitting test strength of POF series mix design  
 
Figure 4 shows that for a particular percentage of fly ash, there was an increase in the splitting tensile 
strength of fly ash as the percentage of fibers was increased from 0.25% to 0.75%. The increase of tension 
strength is due to the increase in toughness of concrete provided by the existence of palm oil fibers. Like 
compression strength, 10% PFA replacement gave the highest tensile splitting test. As been explained 
above, this due to 10% PFA replacement level promotes optimum pozzolanic reaction with OPC content 
thus produces denser and stronger concrete.  The increase in tensile splitting strength was between 4% 
and 6% for 5% PFA replacement, between 7% and 13% for 10% PFA content and between 12% and 17% 
for 15% PFA replacement level. However, the amount of fibers affects the strength of tensile splitting 
compared to the PFA replacement level. 
5. CONCLUSIONS 
The following conclusions can be drawn from this investigation:-  
1. The increase in PFA replacement level will enhance the workability of PFA concrete due to the “ball-
bearing” effects as the physical spherical shape of PFA. However, the existence of POF will reduce 
the workability of POF concrete throughout the mix design. 
2. 10 percent of PFA replacement level will gave optimum compressive strength in pozzolanic reactions 
with OPC to promote denser and stronger concrete. This is shown in compression test and tensile 
splitting test. 
3. Due to porosity of POF, this will induce reduction in compression strength of all mix design. 
4. Unlike compressive strength, tensile splitting strength increased as the amount of incorporated fibers 
increased.  
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